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Abstract 
This paper aims to investigate the buckling behavior of short multi-walled carbon nanotubes (MWCNTs) under 
compression using molecular dynamics simulations. The effect of the number of walls and length of MWCNT on the 
buckling behaviors is investigated. The results show that the buckling behaviors of short MWCNTs are different from 
single wall carbon nanotubes (SWCNTs) and slender MWCNTs. Interestingly, the buckling strain of short MWCNTs 
has a downward trend with the number of walls increasing. In addition, the length of MWCNT has also significant 
effect on the buckling strain. These benchmark data may be used to examine the applicability of continuum 
mechanics models in predicting the buckling behavior of short MWCNTs. 
© 2011 Published by Elsevier Ltd.  
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1. Introduction 
Discovered in 1991(Iijima 1991), carbon nanotubes (CNTs) have raised considerable interest owing to 
remarkable mechanical properties and excellent performance in reinforcing polymer-based materials 
(Abot et al. 2008; Godara et al. 2009; Srivastava et al. 2001). CNTs have proven to be the strongest 
known material that can be made, with fracture at strain up to 20%, typical Young’s modulus of 1 TPa, 
and failure stress up to 63 GPa (Ru 2001; Yu et al. 2000). CNTs are classified as either single-walled 
carbon nanotubes (SWCNTs) or multi-walled carbon nanotubes (MWCNTs). A SWCNT is like a planar 
sheet of carbon atoms, known as a graphene, seamlessly wrapped into a tube with thickness equal to a 
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single atom and diameter ranging from 0.4 nm to 3 nm (Guan et al. 2008). MWCNTs appear as multiple 
concentric SWCNTs, with diameter of 1.4–100 nm (Zhao et al. 2004). The length of CNTs can be up to 
centimeters, which gives an aspect ratio exceeding 107 (Wang et al. 2009), while the density of CNTs is 
generally reported as less than 1500 kg/m3 (Collins and Phaedon 2001). With the concurrent benefits of 
high aspect ratio and low mass density, CNTs have promising prospects for practical applications under 
various deformation modes including axial tension and compression, flexure, torsion, and fracture. In 
such applications, it is crucial to know the buckling behaviors of both SWCNT and MWCNT. Buckling 
behavior of SWCNTs has been extensively investigated. Depending on the aspect ratio L/D, buckling 
mode of the SWCNT changes from a shell-like buckling (for small L/D) to a beam-like (for large L/D). 
The transition aspect ratio is approximately in the range of 11-13 for the different length and diameter of 
CNTs (Buehler et al. 2004; Wang et al. 2005). For the shell-like buckling mode, the critical buckling 
strain of CNTs could be predicted reasonably by using the first-order shear deformation shell theory 
(FSDST). For CNTs with the beam-like buckling mode, the critical buckling strain could be predicted 
accurately by using either Euler and Timoshenko beam models or FSDST shell models (Li and Chou 
2004; Sears and Batra 2006; Thostenson and Chou 2004; Wang and Mioduchowski 2007; Wang et al. 
2006). In contrast, buckling behaviors of MWCNTs are not fully understood. When compared with 
SWCNTs, number of walls and van der Waals (vdW) effect are involved, which complicates the buckling 
behaviors of MWCNTs, especially for short MWCNTs.  
In this paper buckling behaviors of short MWCNTs under compression are investigated using molecular 
dynamics (MD) simulations. The effect of the number of walls and length of tubes on the buckling strain 
of short MWCNTs is revealed. The findings of this paper will provide useful information for better 
evaluation of the buckling behavior of short MWCNTs using continuum mechanics models. 
2. Methodology  
A state-of-art commercial software Materials Studio is used to perform the MD simulations which is a 
powerful tool for the analysis of nano scale systems. The Materials studio applies the force field of 
COMPASS (condensed-phased optimized molecular potential for atomistic simulation studies) to model 
the inter-atomic interactions (Rigby, et al. 1997). This first AB initio force field that was parameterized 
and validated using condensed-phase properties has been proved to be appropriate to describe mechanical 
properties of CNTs (Wang, et al. 2008). For this purpose, MWCNTs with fixed ends boundary conditions 
are loaded with small incremental axial displacements until buckling. The buckling strain is defined as the 
strain at which the strain energy of simulated CNTs reaches its first sudden drop in value. MD 
simulations are performed at a constant temperature of 1K to prevent the effect of thermal fluctuation 
(Zhang, et al. 2009). 
3. Results and discussion 
3.1.  Effect of number of walls 
In order to reveal the effect of the number of walls, four cases of the MWCNT buckling as shown in 
Table 1 are investigated. The case “A3SW” denotes a (5,5) armchair single wall carbon nanotube with 
aspect ratio 3 while “D”, “T”, and “Q” denote “double”, “triple” and “quadruple” respectively. The first 
case “A3SW” is used as a reference to explore the buckling behavior of a single wall carbon nanotube. 
Last three scenarios “A3DW, A3TW and A3DW” aim to elucidate the effect of increasing the number of 
walls.  
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Table 1: Parameters of MWCNT models 
Cases (n,m) Outer tube Diameter 
D(Å) 
Length 
L(Å) 
L/D
A3SW (5,5) 6.78 19.3 2.857 
A3DW (5,5)-(10,10) 13.56 19.3 1.426 
A3TW (5,5)-(10,10)-(15,15) 20.36 19.3 0.949 
A3QW (5,5)-(10,10)-(15,15)-(20,20) 27.15 19.3 0.712 
 
Figure 1 depicts the buckling strain of İcr against the number of walls. Interestingly, short MWCNTs with 
the length of 19.3 Å show a moderate downward trend. It starts from the critical buckling strain of İcr= 
0.0671 for A3SW and reaches to İcr= 0.0362 for A3QW, which means the buckling strain decrease about 
85% by adding 3 tubes to original SWCNT. Another observation is that the rate of decreasing is not 
constant. For instance, from İcr= 0.0671 for A3SW to İcr= 0.0517 for A3DW the buckling strain reduces 
29.7%. However, from A3TW with İcr= 0.0414 to A3QW with İcr= 0.0362 it decreases 14.3%, which 
means that adding wall to the short SWCNT is more effective in decrease the buckling strain than adding 
wall to the short MWCNT.  
 
Figure 1: The effect of number of walls on compression buckling strain 
A3SW A3DW A3TW A3QW 
Figure 2: Buckling shape of cases (fixed carbon atoms are highlighted) 
These buckling behaviors can be explained by the shell theory. Typical shell structures have a diameter-
to-thickness ratio (D/t) in the range 200-4000. In addition, when the D/t exceeds 1000, the shell classified 
as a thin shell (Teng and Rotter 2004). Although the CNTs have the D/t about 10, Wu et al. (2009) 
showed that CNTs can be represented by an elastic isotropic thin shell. As can be seen in Figure 2, the 
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buckling shape for all four scenarios belongs to the shell-like mode. The vdW effect is relatively weak 
between walls and hence the outer wall controls the buckling strain of the MWCNT. It is well known that 
the diameter of the shell governs the axial buckling strain, i.e. the larger diameter, the smaller buckling 
strain. Consequently, A3QW has smallest buckling strain among four cases. 
3.2. Effect of length variation 
According to the FSDST shell theory, aspect ratio of L/D plays a key role in determining the buckling 
strain of the shell. The Aspect ratio can be changed by either variation of the length or the diameter. The 
effect of the diameter changing due to increasing the number of walls is discussed in the section 3.1. In 
this section, the effect of the length variation on buckling behaviors of short MWCNTs is discussed in 
detail. Two sets (10 cases) of short double wall carbon nanotubes (DWCNTs) and SWCNTs with various 
lengths are chosen as shown in Table 2.  
Table 2: Parameters of SWCNT & DWCNT models 
(5,5)SWCNT  (5,5)-(10,10)DWCNT 
Case
Length(
Å) 
Diameter(Å) L/D Case Length(Å) 
Outer tube Diameter 
D(Å) 
L/D
1 12.33 6.78 1.775 6 12.12 13.56 0.894 
2 19.37 6.78 2.857 7 19.33 13.56 1.426 
3 21.77 6.78 3.212 8 21.74 13.56 1.603 
4 24.06 6.78 3.549 9 24.15 13.56 1.781 
5 28.87 6.78 4.259 10 28.87 13.56 2.129 
 
 
SWCNT 
 
DWCNT 
Figure 3: Buckling shape of SWCNT & DWCNT with 21.7 Å lengths  
It is found that in all ten cases CNTs buckle as the shell-like mode, which is in agreement with the results 
in references (Wang et al. 2010). A typical buckling mode from side and top views of the SWCNT and 
the MWCNT with length of 21.7 Å is given in Figure. 3. The buckling strain vs. the length of CNTs for 
SWCNT and DWCNT models are plotted in Figure. 4. It is worthy to note that both the SWCNT and the 
DWCNT have downward trend with increasing the length. For example, the buckling strain of SWCNTs 
decreases 44.12% from İcr = 0.0748 for case 1 to İcr= 0.0519 for case 5 while the buckling strain of 
MWCNTs decreases 28.3% from case 6 to case 10. In addition, the buckling strain of SWCNTs decreases 
faster than that of DWCNTs. It indicates that aspect ratio L/D has more effect on the SWCNTs buckling 
behavior in comparing with that of the MWCNTs.  
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Figure 4: The effect of length variation on critical buckling strain 
4. Conclusion 
In this paper, buckling behaviors of short MWCNTs under compression load are investigated using MD 
simulations. The results show buckling behaviors of short MWCNTs are different from either SWCNTs 
or slender MWCNTs. For example, buckling strain of short MWCNTs has a downward trend when the 
number of walls increases. In addition, the aspect ratio L/D has a significant effect on the short MWCNTs 
buckling strain. A set of results for CNTs with different diameters and lengths are also successfully 
generated as benchmark solutions for future study. 
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